Creative Commons Attribution-Noncommercial-Share Alike 
Interfacial thermal conductance has been a subject of fundamental and practical interest for many years. Conventionally, extra molecular layers at an interface add to the total thermal resistance network and reduce the thermal conductance, especially for solidsolid interfaces 1 . Chemical functionalization, however, has significant influence on the interface thermal conductance across solid-solid interfaces due to enhanced interfacial bonding 2, 3 . Recent studies have shown that covalent chemical bonding at solid-solid interfaces using self-assembled monolayers (SAMs) can improve the interfacial thermal conductance 4 . Compared to solid-solid interfaces, the thermal conductance across solidliquid interfaces has received limited attention. Better understanding of solid-liquid interfacial transport is important for different applications such as cancer treatment based on thermal therapeutics and nanoparticles 5 , solar thermal heating 6 , and colloids and nanofluids [7] [8] [9] . Experiments on the thermal conductance of solid-liquid interfaces typically employ suspensions of metal nanorods in water or organic solvents [10] [11] [12] [13] [14] MHz to allow for lock-in detection of the thermoreflectance response. Although the estimated DC temperature rise is slightly above the ethanol boiling point, we did not observe bubble formation using a CCD camera either because the bubbles were too small or we had superheated ethanol. The pump power was limited to 30-35 mW to avoid observable bubble formation at the Au-ethanol interface while keeping the signal-to-noise ratio reasonably high. The sample properties, including the interface thermal conductance, impact the temperature decay curve and are extracted by fitting the data with a diffusive heat transfer model 18 . Fig. 2 Schematic of sample arrangement.
To measure the Au-ethanol interface thermal conductance (G), we first calibrate the thermal properties of the glass slide and ethanol using an as received Au-coated glass slide, which was cleaned and packaged in N2 gas by the manufacturer. The thermal conductivity of the glass was determined by a standard TDTR measurement, where the pump and probe beams illuminate the Au side, and the thickness of the Au layer is treated as a known parameter, leaving the glass thermal conductivity and the Au-glass interface thermal conductance as the unknown parameters. The thermal conductivity of the ethanol was determined using TDTR, where the glass side is illuminated, and the unknown thermal parameters are the ethanol thermal conductivity and the Au-ethanol interface thermal conductance. The thermal conductivities of glass and ethanol are found to be kglass = 1.25±0.02 W/mK and kethanol = 0.17±0.01 W/mK, in good agreement with reference values 18, 20 , and the measured thermal conductance between glass and Au is GAu-glass = 51±2.6 MW/m 2 K. These values are kept constant, and in all the subsequent data analysis, we only fit the interface thermal conductance between Au and ethanol for the samples with SAMs.
All the difference in phase data between without SAM and with SAM is solely due to the existence of SAMs. The measured and fitted phase data are presented in Fig. 3 (a) Considering the vibrational spectra, previous simulation work 21, 22 shows that the vibrational spectra of alkanethiols are in between of the spectra of Au and organic solvent in the low frequency regime so the matching is better for SAM-modified interfaces. In other words, the SAMs serve as a bridge between Au and ethanol and facilitate thermal transport.
While the thermal conductance of the hexanedithiol SAM significantly exceeds the hexanethiol SAM, they differ only by the functional end group. The measured contact angles of ethanol on hexanethiol, undecanethiol and hexadecanethiol are 34º±4º, 35º±3º and 41º±2º respectively, while the contact angle on hexanedithiol is too small to be measured, as shown in Fig. 4 . The contact angle can be related to the thermodynamic work of adhesion 16, 23 , the minimum work required to detach ethanol from the SAM. The smaller contact angle leads to the larger thermodynamics work of adhesion. In other words, the contact angle gives a measure of the bonding strength between the SAM and ethanol. Given that the vibrational spectra would not differ significantly among SAMs, the stronger bonding between hexanedithiol and ethanol than the other SAMs is expected to the dominant mechanism which leads to the higher thermal conductance. These results agree with earlier experiments, which showed that hydrophilic SAMs produced higher thermal conductance than hydrophobic SAMs for interfaces between water and metal 15, 16 . 28 claimed length dependent thermal conductance over a wide range of molecular length ranging from n=2 to 18, the length dependence from n=6 to 16 at 300 K is rather weak.
In summary, we use TDTR measurements to investigate the thermal conductance between Au and ethanol with various interfacial SAMs. We show that the SAMs enhance the thermal transport from Au to ethanol. The interfacial thermal conductance is insensitive to the length of the alkane chain length, but strongly dependent on the functional group.
Our results shed lights on strategies to further tune the interfacial conductance for practical applications.
